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I. Summary 
As a part of the EU project COBER (Cotton Biomass Energy Recovery), several scenarios concerning the 
energetic use of cotton plant residues in Greece have been investigated. By the lack of sufficient large 
thermal consumers in the considered area of Karditsa, the production of electricity or of cotton plant 
pellets as a high quality biofuel are proposed. Suggested combined heat and power plant sizes are ranging 
from 1 to 20 MWel with or without an affiliated pellets production. An economic analysis shows, that 
under the given boundary conditions with comparably low energy prices and revenues, none of these 
larger scenarios based on actual heat demands could be profitable. Thus, only smaller applications without 
production of electricity are found to be actually economical like the heat supply for an existing hospital 
or the production of pellets, under the premise that an adequate market of small distributed users would 
evolve.  
II.  Overview of the COBER Project 
The COBER project is a joint undertaking of Greek, Austrian and German partners to investigate the 
possibilities of an energetic use of residues from cotton farming situated in Karditsa, central Greece. The 
issue is funded by the EU within the Non Nuclear Energy RTD Programme 
1. The present state of the 
project comprises a feasibility study with a scope of tasks ranging from the harvesting procedure, the 
biomass logistics and conversion processes for specific end users up to the environmental impact of 
suggested power plants. The part of the ZAE, which is presented here, focuses on the conversion 
processes. A survey of the contributions of the different partners can be found in Table 1. 
 
 
ORGANISATION  R&D FUNCTION IN THE PROJECT  
National Technical University of Athens  Project  leader,  biomass  logistics,  economical 
analysis 
Kafantaris Papacostas S.A.   Adviser on logistics and energy exploitation; pilot 
user 
Technolin S.A.  Construction of the pilot cotton biomass collection 
machine and the pilot cotton biomass combustor  
IFB GmbH   Issues of environmental impact 
Technical University of Munich  Choice and analysis of the combustion technique 
                                                            
1 contract number JOR3-CT98-0309 
More information can be found at http://simor.mech.ntua.gr/thecober/coberbasic.htm                   
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ZAE Bayern  Analysis of energy conversion and exploitation 
Austro Control KEG   Designer of the pilot combustor 
University  of  Athens  Environmental acceptability of the biomass 
combustion systems 
ARVIS Ltd.  Exploitation and recycling of the wastes 
 
Table 1:  Project partners and contributions to the COBER project 
III.  Boundary Conditions in Greece 
The specific boundary conditions for this project derive from  
(a) the characteristics of the cotton plant and harvesting procedure and (b) the geographical, social and 
economical conditions of the area of Karditsa, which has been selected for this study. 
(a)  Characteristics of the cotton plant and harvesting procedure 
-  The cotton plants can be harvested after the “second picking” of the cotton fibres has finished, that is, 
depending on the weather, in November or December. The start of the rainy season at that time, which 
hinders the harvesting machines from entering the fields, may significantly delay the schedule. After 
two months, the harvest should be finished. 
-  The water content of the cotton plants at the time of harvest is approx. 50%. This affects methods for 
storage, conservation and the type of firing. 
-  Compared to wood chips and straw, the sulfur and nitrogen content of the cotton plant are by a factor 
of approx. 3 higher, which has to be considered when designing the flue gas cleaning 
(b) The geographical, social and economical conditions in the area of Karditsa 
-  The farming is highly specialised: about 85% of the agricultural area of 750 km
2 is presently used for 
cotton. This results in a large amount of cotton plant biomass of ~790,000 MWh/a, more than 60% of 
the total theoretical biomass potential of that region, including wood. However, if the actual European 
subsidies for growing cotton would be reduced, the situation concerning the quantities of available 
biofuels could change. E.g., the EU could decide to substantially promote the cultivation of energy 
crops to fulfil the aims of the White Paper on renewable energies. Therefore, larger installations 
should be designed flexibly, that is with a multifuel capacity. 
-  The density of population and industry is comparably low in the neighbourhood of possible power 
plant sites. The mentioned technical potential of the cotton plant residues from the area of  Karditsa is 
more than 10 times the combined demand of electricity, heating oil and gas of the 20 largest local 
users. Therefore, energy needs to be exported, either via electricity or via an efficiently transportable 
biofuel.  
-  The prices of energy in Greece are relatively low compared to most other European countries, and 
also the revenues for selling electricity from renewable sources, which amounts to 61.4 Euro/MWh.  
IV.  Proposed Technical Concepts 
(a)  Storage and Conservation 
For all investigated applications, a storage of the cotton plants over nearly one year is necessary, if not 
other types of biomass or a larger fossil co-firing should be included. Related to the different types of 
storage, the question arises, whether some means of active drying or other methods of conservation are 
necessary. An experimental investigation on storage of cotton stalks has been published in 1992 [1]. The                   
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work was done in Larissa/Greece with comparable climate to Karditsa. It has been shown that for the 
baled biomass, a natural drying reduced the starting moisture content of 40% down to 20% within one 
month, and rainfall due to the winter season could delay this process by approx. 2 weeks. However, the 
degradation of the energy content remained to be measured. In our analysis we assume a starting moisture 
content of 50% following measurements of our Greek partners. Moreover, the actual rainfall in that region 
could be significantly above the level observed in the mentioned study. Thus, further investigations 
concerning these points are necessary.  
As a first step, we considered theoretically different processes of drying with flue gas preceding a storage 
in bulk or as bales. Our analysis comprises a calculation of rot processes through differential equations; 
however several important parameters are not known yet and the obtained results should therefore be 
regarded as preliminary. For validation, decisive experiments are planned.  
As a second possibility, also processes of silaging have been considered. A silage occurs, when a wet 
biomass is stored at the exclusion of oxygen. In this case, anaerobic processes dominate, which produce an 
acidic milieu, thereby limiting the microbic degradation. The silage process selected by us consists of a 
bale pressing and wrapping by plastic foils. The wrapping of bales needs adequate machinery, but allows 
for further storage without a large warehouse. 
The different investigated processes of drying and storage are listed in Table 2. The decentralized baling 
and storage outside without active drying and wrapping has not been calculated, as it was already 
investigated in Ref. [1] and [2]. 
  
Number of 
drying 
process 
Dried 
storage 
Com-
pressed 
storage 
Wrapping 
(s=silage) 
Duration of 
drying for one 
batch [h] 
Starting 
water 
content [%] 
Resulting 
water 
content [%] 
a - -  -  -  50  50 
d - x  x  (s) 24  50  35 
f x  x -  800 50  35 
b x -  -  800 50  15 
c x x  -  800 50  15 
e x x x  800 50  15 
g x x  -  800 50  10 
Table 2: List of the investigated storage processes, ordered after the water content resulting from 
the drying procedure.  
(b) Conversion and Exploitation of Energy 
As mentioned in paragraph III(b) it is clear, that for an extensive use of the considered biomass potential, 
the major part of the energy should be exported, either as electricity or as a compressed biofuel. The 
proposed scenarios together with the related calculations are listed in Table 3. Here and also in Diagram 2, 
Diagram 3 and Diagram 4, due to the used software the German notation of decimal numbers has been 
used, i.e. a comma for decimal point and a point for separation of three digits. 
The calculations of Table 3 are based on the results of some first analyses not presented here (processes 
no. 1 to 7) and comprise processes with 1 to 60 MWth energy. The focus is on combined heat and power 
(CHP) production with emphasis on the electricity production. Different capacities and heat-to-power 
cycles are considered. Moreover, different fuel processing options like pelletizing are investigated. Two 
scenarios with smaller CHP-plants for specific heat consumers are calculated as well.  
For the smaller CHP scenarios ORC (Organic Rankine Cycle) and steam engines have been analysed. The 
expected costs of electricity production for these two systems are similar [3]. Therefore, the choice                   
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between ORC or steam engine depends more on the practical experience of the operator (e.g. experience 
with steam cycles or thermal-oil) and  logistic and technical boundary conditions.  
For most of the larger scenarios within this study, heat demands of existing industrial users have been 
included in the calculated processes, the largest one being 2400 MWh/a, for a cotton ginning factory. 
Thus, for the power range of Pel ≥ 3 MW, tapped condensing steam turbines are assumed. This allows to 
extend the exploitation of process heat by additional industrial users later on. The choice of condensing 
turbines instead of those working with back pressure follows from the small heat demand during most of 
the year and the lower efficiency-based specific investment costs of condensing turbines, that is, when 
compared on the basis of electrical power. The estimated efficiencies take into account steam parameters, 
which could be achieved with low risk of corrosion (e.g. 60 bar, 450°C) and steam cycles suitable to the 
plant sizes in question. 
An different alternative is the co-combustion of biomass in an existing suitable coal fired power plant. 
This is usually one of the most economical ways to use biomass and to reduce the CO2 emissions. For 
wood as biofuel, this is already a standard technique in Scandinavia and also in Bavaria experiments at a 
lignite power plant have shown the technical feasibility [4]. However, in our case, the nearest coal fired 
power plant is situated in a distance of more than 170 km away from Karditsa – an uneconomical distance 
for the low-density bio fuel. Thus it was excluded from further investigation. 
For a hospital in Karditsa, a biomass heat supply is designed, providing either heating and cooling via an 
absorption heat pump (HP 34 I) or purely heating (HP 34 II). For these scenarios, we tried to take into 
account the specific energy demands of such a consumer. Since detailed data on the cooling demand was 
not available (only the overall electricity consumption was given) we estimated the monthly values by 
comparison with a related study for southern Europe [5]. 
For one scenario a hypothetical heat consumer was assumed which would need a larger amount of heat 
throughout the year (66330 MWh/a). This option should show the potential of optimized CHP application 
with a back pressure turbine (CHP 35). 
 
 
Survey of analysed processes   Survey of calculations 
 FB ... fluidized bed; GF...grate furnace; P... pellets production and 
sale; ST...steam turbine; SE ... steam engine; ORC organic rankine 
cycle  
thermal 
combustion 
calculation  
calculation of 
biomass 
drying and 
warehouse 
dimension  
calculation of 
bale 
production  
economic 
calculation  
type of 
process 
nr.  MW boiler thermal/ MW electricity power/ wt%  water biomass    (drying time)    process () 
CHP  8  1/0,1/50 process heat: 0,85 MW/ 794 MWh th; GF; ORC  X      X (a) 
CHP  9  1/0,1/15 process heat: 0,85 MW/ 794 MWh th; GF; ORC  X  X (800 h)    X (b) 
CHP  10  5/0,7/50 process heat: 2,59 MW/ 2419 MWh th; GF; SE  acc. CHP 11      X (a) 
CHP  11  5/0,77/50 process heat: 2,59 MW/ 2419 MWh th; GF; ORC  X      X (a) 
CHP  12  5/0,7/15 process heat: 2,59 MW/ 2419 MWh th; GF; SE  acc. CHP 13      X (b) 
CHP  13  5/0,77/15 process heat: 2,59 MW/ 2419 MWh th; GF; ORC   X      X (b) 
CHP  14  5/0,8/50 process heat: 2,59 MW/ 2419 MWh th; FB; ORC  X      X (a) 
CHP  15  5/0,8/15 process heat: 2,59 MW/ 2419 MWh th; FB; ORC  X  X (800 h)    X (b) 
CHP  16  10/03/50 process heat: 2,59 MW/ 2419 MWh th; FB; ST  X      X (a) 
CHP  17  10/03/15 process heat: 2,59 MW/ 2419 MWh th; FB; ST  X  X (800 h)    X (b) 
CHP  18  16/05/50 process heat: 2,59 MW/ 2419 MWh th; FB; ST  X      X (a) 
CHP  19  16/05/15 process heat: 2,59 MW/ 2419 MWh th; FB; ST  X  X (800 h)    X (b) 
CHP  20  50/16/15 process heat: 2,59 MW/ 2419 MWh th; FB new; ST 
new 
acc. CHP 21      X (b)                   
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CHP  21  50/16/15 process heat: 2,59 MW/ 2419 MWh th; FB used; ST 
new 
X  X (800 h)    X (b) 
CHP  22  60/20/50 process heat: 2,59 MW/ 2419 MWh th; FB; ST  X      X (a) 
  23  60/20/15 bio fuel drying     X (1600 h)     
  24  60/20/15 bio fuel storage losses without drying    X (3000 h)     
CHP  25  60/20/15 process heat: 2,59 MW/ 2419 MWh th; FB; ST  X  X (800 h)    X(b) 
CHP  26  16/05/35 process heat: 2,59 MW/ 2419 MWh th; FB; ST  X  X (24 h)  X   
CHP  27  60/20/35 process heat: 2,59 MW/ 2419 MWh th; FB; ST  X  X (24 h)  X   
CHP  28  5/0,7/35 process heat: 2,59 MW/ 2419 MWh th;   X  X (24 h)     
P  29   10 to/h and 20 to/h pellets production line    X (800 h)    X (g) 
  30   bio fuel drying, compressing and storage        X  
  31   bio fuel  wrapping, storage, unwrapping and drying         X  
CHP  32  16/05/15 process heat: 2,59 MW/ 2419 MWh th + process 
heat for 20 to pellets/production process; FB; ST;  
     X(b) 
CHP  33  16/05/15 process heat: 2,59 MW/ 2419 MWh th + process 
heat for 20 to pellets/production process; FB; ST; 
and combustion of pellets in the CHP process 
     X 
HP I+II  34  1,1/00/15 HP I heat and cooling of a hospital in Karditsa 
1,0755 MW, 6218 hr/  6688 MWh th; GF  
HP II only heat supply of a hospital in Karditsa 
1,0755 MW, 4795 hr/  5158 MWh th; GF 
     X 
CHP  35  16/2,5/15 theoretical heat consumer  12,06 MW, 5500 hr/ 
66330 MWh th; 2,5 MW el for 7277 hours; FB, ST 
     X  (b) 
Table 3: Survey of analysed processes and calculations. Abbreviations: CHP = combined heat and 
power, P = production of pellets and HP = heating plant. 
 
 
V.  Results concerning Efficiencies and Economics 
(a)  Results for Methods of Storage and Conservation 
Based on the calculations described in section IV(a), we estimate a 15% loss in lower heating value 
(LHV) for a storage without active means of drying (drying process (a)). For drying process (b), the dry 
matter content decreases by approx. 4%, but according to the drying, the LHV is raised by approx. +10%. 
Also for the other storage processes, the losses have been evaluated and included in an economical 
calculation (calculations no. 30 and 31 in Table 3) in order to find the most favourable option. In Diagram 
1 the additional annual costs which occur with the differrent storage options are compared for the case of a 
16 MWth CHP plant. No additional costs would occur, if there would be no microbial decomposition. For 
all options taking into account the decomposition, additional costs are present because of the estimated dry 
matter losses and the different cost factors (investment for dryer, etc.). None of the options shows a 
resulting economical benefit from the gain in LHV.                    
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0
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400
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600
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a (no drying,
with storage
losses)
b (drying to
15%)
c (= b with
compression)
d (silage,
compr. and
wrapped)
e (=b with
compr. and
wrapping)
f (drying to 35%,
compr.)
Drying Processes
 
Diagram 1: Additional costs of different drying processes for a 16 MWth CHP plant. The values are 
compared to the hypothetical situation with no storage losses 
 
It can be seen, that process (a) would be approx. as economic as process (b). Clearly, the warehouse costs 
decisively enter into the calculation. For hygienic reasons we do not favour process (a) unless it could be 
shown by experiments that a danger for the health of the personal and the environment caused by bacteria 
and fungus could be excluded. If one would assume a definitely cheap warehouse construction, process (b) 
would become slightly more economic than process (a). 
Among the processes without the need of a warehouse, processes (d) and (e), both alternatives do not 
show significant differences. Here, a decision could follow other arguments not considered in our 
comparison. For our overall economic calculation of the CHP scenarios we have chosen process (b) with 
reduced costs for warehouse construction as a basis, as can be seen from the last column of   Table 3. 
(b) Results for Conversion and Exploitation of Energy 
The results of the calculations of the storage processes (a) and (b) have been used as an input for a 
calculation of the combustion efficiencies (thermal combustion calculation quoted in Table 3). For the 
obtained thermal output, power generation cycles from existing biomass power plants have been 
considered and scaled to the required size. The resulting efficiencies are entered into the calculation of 
economics. Here, a number of parameters are assumed; some important ones are listed in Table 4: 
 
 
 
 
Economical Calculation   
Type of calculation  Annuity method, no consideration of inflation.                   
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Plant and building life time  20 a 
Interest rate  6.0 % 
Subsidy on invest  40 % 
Operation time for CHP plants  7500 h/a full load 
Costs   
Costs of cotton plant biomass  13 EURO/MWh 
Costs of electrical power  87  EURO/MWh 
Revenues   
revenues for electrical power  61.36 EURO/MWh 
revenues for process heat  30.68 EURO/MWh 
Table 4: Boundary conditions for the economic calculation. The costs of the cotton 
plant biomass are determined by the project partner NTUA (Athens). 
 
A survey on the results of the economic calculation is given in Diagram 2. The relative gains = (revenues-
costs)/revenues which are shown, give an estimation on the chances of different processes to reach or to 
stay within rentability. Actually, only the hypothetical CHP 35 achieves a positive result. Among those, 
which are above –20% are the two small HP scenarios and the large CHP scenarios with fuel drying: 
No.21 (50 MWth, with an occasionally offered used boiler) and No.25 (60 MWth, new boiler).  
 relative gains of different processes
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Diagram 2: Relative gains = (revenues-costs)/revenues of the different CHP and HP processes.  
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Now, the question arises, which parameter could be changed in order to reach rentability. To that purpose, 
a sensitivity analysis is shown in Diagram 3 for the example of CHP 18. The most important and thus 
most sensitive contributions to the balance (= revenues – costs) are: 
1.  the biomass costs 
2.  the full load hours of electricity production  
3.  the electrical efficiency and 
4.  the revenues for electrical power  
The revenues for heat are not significant due to the actually small heat demand for that scenario. However, 
in an optimized scenario with a large heat consumer they could reach the importance and the same 
sensitivity as the other factors. The first three of them will hardly be changed significantly in the next few 
years. Thus the revenues for electrical power, the amount of used heat and the related revenues appear as 
the key factors for a possible implementation of biomass CHP in the future. 
 
sensitivity analysis  nr. CHP 18  (16 MWth, 5 MWel CHP plant)
1,55%
1,55%
1,33%
0,40%
0,05%
0,12%
0,30%
1,35%
0,00% 0,21% 0,42% 0,63% 0,84% 1,05% 1,26% 1,47% 1,68%
elec.efficiency +1%
revenues of el. power +1%
full load hours el. production
+1%
support +1%
revenues of heat +1%
personal costs -1%
credit rate -1%
biomass costs -1%
reduction of  balance deficit [%]
 
Diagram 3: Sensitivity analysis of CHP 18. Every parameter was changed by 1%. 
 
 
Based on the selected scenarios with little use of the produced heat, it was calculated to what extend the 
revenues for electrical energy would have to be raised in order to bring some of the scenarios to an 
economical operation. This can be seen from Diagram 4. 
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Diagram 4: Production costs of electrical power of the CHP processes compared to the actual 
revenues of 0,0614 Euro/kWh for electricity from biomass in Greece. 
 
If, e.g. revenues for electricity according to the present bill of the Federal Government in Germany would 
be accepted, that is 0.092 EURO/kWh between a capacity of 0.5 to 5 MWel and 0.087 EURO/kWh 
between 5 MWel and 20 MWel, the processes no.19 (5 MWel), 20 and 21 (16 MWel) and 22 and 25 (20 
MWel) would achieve positive gains. Thus it can be concluded, that even though the present market 
situation does not allow the implementation of one of the larger scenarios presented here, a future 
development with similar politics and prices within the EU could well do so. 
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